Background: Obesity is a global epidemic, which is a risk factor for cardiovascular diseases and metabolic abnormalities. It is measured by body mass index (BMI), waist circumference (WC), waist-hip ratio (WHR), body fat (BF) distribution and abdominal fat mass, each having its own merits and limitations. Variability in body composition between ethnic groups in South-Asians is significant and may not be truly reflected by BMI alone, which may result in misclassification. This study therefore, aims to determine the frequency of obesity, body fat composition and distribution, in a high risk population of an urban slum of Karachi, Pakistan. This survey included 451 participants selected by systematic sampling who were administered pre-tested questionnaires on socio-demographics, diet and physical activity. Chi-square was used to determine the association between categorical variables and multiple linear regression was used for quantitative variables. A P value of less than 0.05 was considered significant. Results: Classified by BMI, 29% study subjects were overweight and 21% obese (58.7% with central obesity). Body fat percent (BF%) classified 81% as overweight. Females were more obese (P 0.03) with higher prevalence of central obesity (P <0.001) and WHR (P 0.003) but with a lower muscle mass (P 0.001). Activity score and muscle mass showed inverse linear association with BF% whereas, WC, weight, BMI and WHR had a positive linear association with BF%. The relationship between BMI and BF% was quadratic with a weaker association at lower BMI. Adjusting for socio-demographic variables, BF%, weight, diastolic blood pressure (DBP), BMI and score on the diet questionnaire had a positive linear association with WC, while WC, WHR and BP had a positive linear association with BF%. BF%, muscle content and WC had a positive linear association with BMI. Conclusion: Considering lower cut-offs for South-Asians BMI and WC, this study showed a high prevalence of obesity among a sub-urban population of Karachi, which was even higher when BF% was measured. Considering the rising prevalence of non-communicable diseases, BF%, WC, WHR and BMI measurements are convenient and feasible means of identifying population at risk and hence addressing it through public awareness and early detection.
Background
Obesity is a global epidemic and is an important risk factor for developing cardiovascular diseases (CVD), including diabetes, hypertension and dyslipidemia [1] . In developing countries, the rate of obesity has tripled, which has been attributed primarily to adopting a modern lifestyle with less physical activity and excessive consumption of energy dense foods [2] .
Body mass index (BMI) recommended by the World Health Organization (WHO) to classify obesity, is the gold standard for identifying patients at risk of adverse health outcomes. Various epidemiological studies have shown a direct association between BMI and the risk of medical complications and mortality rate. WHO and the National Institute of Health have provided guidelines for classifying obesity based on BMI. The guidelines have proposed that adults who have a BMI ≥30 kg/m 2 are obese and are generally at higher risk for adverse health events than overweight (BMI between 25.0 and 29.9 kg/m 2 ) or lean (BMI between 18.5 and 24.9 kg/m 2 ) [3] . Besides BMI, another important risk factor for obesity related diseases is the body fat distribution. Expensive imaging techniques are required for the precise measurement of abdominal fat content and it is also known that waist circumference (WC) has a correlation with abdominal fat mass, therefore, WC is often used as a surrogate marker for measuring abdominal fat mass [3] , even though it doesnot take into account variation in height. Central obesity and a higher waist-hip ratio (WHR) have been linked with the development hyperinsulinemia, insulin resistance, dyslipidemia, pro-inflammatory and pro-thrombotic clinical states [1] . Moreover, excess body fat has also been regarded as the single most important determinant of type 2 diabetes, whereas higher muscle mass is associated with better insulin sensitivity and lower risk of diabetes. [4, 5] .
The burden of obesity and obesity related diseases is particularly higher in the middle-income countries of Eastern Europe, Latin America and Asia, where obesity ranks just below underweight as the fifth most common cause of disease burden. This increased risk of cardiometabolic diseases in Asians may be due to increased abdominal obesity [2, 6] . It has also been shown that although in Europeans, a BMI of 30 kg/m 2 correlates with about 25% body fat in males and 30% body fat in females, however, for the same age, sex, and BMI, South-Asians have an increased body fat percentage (BF%), both total and in the abdominal region, lesser lean mass, skeletal muscle and bone mineral content along with a higher risk for CVD [6] [7] [8] . The significant variability in body composition between ethnic groups may not be truly reflected by measuring only BMI or other markers as each has its own limitations [9] . Therefore in 2002, WHO recommended lower cut-off points of BMI (less than 18 · 5 kg/m 2 underweight; 18 · 5-23 kg/m 2 increased but acceptable risk; 23-27 · 5 kg/m 2 increased risk; and 27 · 5 kg/m 2 higher high risk) and normal WC (less than 80 cm for women and 90 cm for men) for high risk populations including SouthAsians. Even with the low cut-off values, Asians show variations in the relationship among BMI, BF% and body fat distribution [10] . Therefore, using WC or BMI alone to classify individuals according to fatness may result in misclassification because of the varying contributions of body composition [10] [11] [12] .
National Health Survey and studies in Pakistan show that while obesity and diabetes are more prevalent in urban dwellers [13, 14] , yet the prevalence is also high in rural areas [15] . In Metroville health study, 34% men and 49% women were found to be over-weight/obese, while increased WHR was observed in 41% and 72% of men and women respectively [16] . There is a general perception as if obesity or overweight is prevalent more in affluent societies but there is now emerging evidence that obesity is growing even in the poor population.
This study therefore, aims to determine the prevalence of obesity, body fat composition and distribution, in an urban slum (Hijrat Colony) in Karachi, Pakistan. Most of the residents belong to the labour class and many of them have living standards below the poverty line [17] , therefore, it will be interesting to study the prevalence of obesity, its association with dietary patterns, physical activity and correlation of BMI with body fat composition in this population.
Method
This study was approved by an institutional Ethical Review Committee of Aga Khan University (2512-BBS-ERC-13). It is a cross sectional study, conducted in Hijrat colony, Karachi an urban slum near Mai-kolachi bypass. There are approximately 4000 households in this area with a total population of more than 25,000 [18] . Assuming an obesity prevalence of 46% [19] , a sample size of 451 was calculated with a confidence interval of 95% and a relative precision of 10%. Adults between the ages of 18-65 years who were residents of Hijrat colony and consented to participate were included. A written informed consent was obtained from the participants. Pregnant females, physically or mentally disabled, bed ridden patients, people suffering from a chronic ailment like malignancy and patients on steroid therapy for more than 2 weeks were excluded. Systematic sampling was done and every 10 th household was selected for participation. In case of non-consent the next house hold was visited. Only one available family member was selected for participation/household. After taking a written consent, a pre-tested questionnaire on socio-demographics, diet intake [20] and physical activity [21] was administered by the research officer. The total scores on the diet questionnaire (MEDFICTS) and international physical activity questionnaire (IPAQ) were calculated. Other parameters were measured as mentioned in operational definitions (See Additional file 1).
Data was entered and analysed on SPSS version 20. Mean and standard deviation was calculated for quantitative variables like age, body mass index, Blood pressure (BP), waist circumference and body composition. For categorical variables, frequency and proportion was calculated. Chi-square was used to determine the association between categorical variables and student's t-test and linear regression was used for quantitative variables. A p-value of less than 0.05 was considered significant. Pearson (r) or Spearman's (r s ) correlation co-efficient was calculated to determine the strength of correlation for parametric and non-parametric variables respectively. Multiple linear regression was used to assess the association of BMI, WC, weight and body fat percent (BF%) with various independent variables. Goodness of fit was measured by co-efficient of determination (r 2 ).
Results
Among the participants, 54% (245) were males, 46% (206) were females and majority of the participants (86%) were married. Regarding ethnicity, 51% were Pushto, 25% were Punjabi, 12.4% were Urdu speaking while rest were from northern areas, Afghanistan or Baluchistan. More than half (60%) were illiterate and among the remaining 40%, 14% completed up to primary education and 22% attended secondary school while only 4% had completed their graduation. Table 1 shows the mean clinical measures of enrolled male and female participants and their comparison. The weight (P <0.001), random blood glucose (P 0.02), BMI (P 0.008), hip circumference (P <0.001), waist-hip ratio (P 0.009), BF% (P 0.005) and muscle content (P 0.001) was significantly different among males and females. Table 2 shows the association of normal and abnormal clinical parameters with gender. Among participants, 59% did not report any co-morbid illnesses (such as diabetes, hypertension, hyperlipidemia and other chronic illnesses for more than 6 months) while 11% were diabetic and 17% were hypertensive (Table 2 ). Around two-fifth (39%) were on regular medications for various chronic diseases like diabetes, hypertension, heart diseases, dyslipidemia and musculoskeletal pains. Regarding family history of illnesses, 33.5% had a family history of diabetes, 41% hypertension, 17.3% hyperlipidemia and 10% had a family history of ischemic heart disease. Among participants, 37.3% reported major stressors and 69% of the males had stress more than 3 days a week as compared to 54% of the females, which was statistically significant (P 0.005). Among males, 12% smoked cigarettes and 21% males used chewable tobacco, while a small number of females (2%) used either tobacco or smoked cigarettes.
A total of 29% were overweight according to SouthAsian cut-off (BMI 23.1-27.5 kg/m 2 ) and 21% (BMI > 27.5 kg/m 2 ) were found to be obese among the participants. 58.7% were centrally obese while 81% were overweight or significantly overweight classified through BF%. Females were more likely to be obese than males (P 0.03) and also more likely to have central obesity (P <0.001) and a higher waist-hip ratio (P 0.003) with a lower muscle mass (P 0.001) compared to males (Table 2) .
Total activity-METS ( Figure 1 ) and muscle mass ( ( Figure 5 ) had a positive linear association. The relationship between BMI and BF% was quadratic ( Figure 6 ). Applying multiple linear regression, body fat percentage, weight, diastolic blood pressure, body mass index and score on the diet questionnaire had a significantly positive linear association with waist circumference after adjusting for socio-demographic variables (age, gender, co-morbid illnesses, smoking/tobacco use and family history) with a co-efficient of determination (r 2 ) equal to 0.66 (Table 3) . Table 4 shows the linear regression model with body fat percentage as dependant variable (r 2 = 0.59). Waist circumference, waist-hip ratio, systolic and diastolic blood pressure had a positive linear association adjusting for socio-demographic variables. Similarly, Table 5 shows the linear regression model with BMI as dependant variable (r 2 = 0.708). BF%, muscle content and WC had a positive linear association with BMI.
Discussion
Non communicable diseases like obesity is posing a double burden of disease in developing nations like Pakistan, which is prevalent not only in urban but also in less privileged population. We found that around 50% of the participants were either overweight or obese according to their calculated BMI. The prevalence of central obesity was even more alarming (57%) especially among females. This is consistent with another study in the past [22] . We also observed a higher dietary intake among males (P <0.001), as well as a higher physical activity score (Activity-MET) (P 0.04). The waist-hip ratio was high among 65% of the participants, not surprisingly; males depicted this change more than females. This is in contrast with a previous study in Pakistan, which showed higher WC measurements for women but similar WHR for males and females [23] . Although, a study showed that in men, WC, rather than WHR is the anthropometric index that most uniformly predicts the distribution of adipose tissue in the abdominal region [24] , but it has also been shown that WHR predicts vascular endothelial function in healthy overweight adults [25] and both WC and WHR are predictors of cardiovascular diseases [26] with a significant association of WHR with myocardial infarction risk worldwide [27] . These findings of our study are quite shocking considering that the population tested belonged to a suburban dwelling. Previous studies in Pakistan have shown a 28% prevalence of overweight/obesity in an urban population keeping a BMI cut-off of 25 kg/m 2 but more than half the population enrolled were of 15-29 years of age in that study [28] . Other studies have shown up to 50% prevalence of overweight/ obesity and abnormal WC and WHR in up to 50% of the urban population [16, 19] . In a National Health Survey in 1990-94, among the middle age group rural population, prevalence of obesity was found to be 11% for men and 19% for women and up to 40% in urban areas. Although this was two decades back, yet the prevalence of overweight and obesity in Pakistan is even currently underestimated, as a cut-off of 25 kg/m 2 is being used for an abnormal BMI [14] .
The prevalence of diabetes was up to 11% and hypertension was 17% in this study which was also comparable with other studies in urban areas of Pakistan, for example in 2009 a study in Karachi found a prevalence of hypertension of 9.4% in an urban population in Karachi and 12.1% in Punjab [29] . It is also known that world over, prevalence of diabetes in rural population has quintupled over last 25 years in low-and middle-income countries [30] . Another observation was that the random blood glucose was raised in 12% of the participants and systolic blood pressure was estimated to be 130 mmHg or more in a quarter of the population. This means that there may be patients with unidentified high blood glucose and blood pressure among the known cases as well, however, the follow up for these interesting findings was beyond the scope of our study.
The BMI and body fat% correlation observed was interesting and of clinical significance. Due to limited resources we did not use the gold standard which is dual energy x-ray absorptiometry (DEXA) for measuring body composition and we consider this as a limitation but BF % was measured using a bioelectrical impedance analysis (BIA) scale, which is also considered an effective tool [31] with a good agreement between BIA and DEXA, in measuring body fat% [32] . The systolic and diastolic BP, WC and WHR had a significant association with BF% in the multiple linear regression model. Similarly, in an Indian study, the relationship of BP and body fat revealed a high risk of hypertension in both males and females according to their fat-mass index [33] . In another study among USA population, both BMI and waist circumference were strongly correlated with body fat percentage, although in our study only waist circumference and not BMI predicted the body fat% model [34] . In another study from USA, it was shown that BMI and WC are more closely related to each other than with body fat percentage, although in men, WC correlated more with body fat percentage than BMI whereas, in females BMI correlated more with BF% [35] . In contrast, we observed in our study WC correlated with BF% in both males and females (P <0.001).
Although the activity-MET weakly correlated with body fat% in simple linear regression but was insignificant in the body fat% model whereas, higher score on the diet questionnaire was associated with an increase in waist circumference but not body fat (p >0.05).
Interestingly, muscle mass also positively correlated with BMI although it had a negative correlation with body fat% in simple linear regression. This means that BMI may not be a lone predictor of CVD risk, but it is rather a combination and interaction of other components such as body composition, WC and WHR. Although, BMI is still generally considered a marker of adiposity and increased CVD risk but there is enough evidence to support that measures of abdominal adiposity like WC and WHR, and not BMI, are associated with an increased risk of CVD mortality [36] . Yet, there are studies in certain subsets of populations such as in elderly Korean women, showing that BMI has a stronger correlation with BF% than with WC [37] .
Moreover, we found a quadratic relationship between BMI and BF% influenced by gender and age, which is also consistent with other studies with a curvilinear association, with weak or no association of BF% at lower BMI values [38, 39] . Thus, age and gender, especially in South-Asian population need to be taken into account when BMI is used to predict BF% or body composition [40] .
Higher systolic and diastolic blood pressure were associated with body fat percentage and diastolic BP was positively correlated with WC in this study, which is consistent with other studies in our population. Increasing age was also associated with higher levels of BMI and body fat percentage [23, 41] .
Body fat percentage and muscle mass both depicted the linear regression model BMI, so a conclusion can be drawn that body mass index alone cannot predict body adiposity. Waist circumference and waist-hip ratio along with body mass index may better predict body adiposity, in settings where body fat percentage cannot be measured. The clinicians therefore, have to be vigilant in addressing CVD risk factors, as the high BMI alone does not necessarily mean increased adiposity and hence an increased risk. Yet, the prevalence of central obesity, overweight and obesity is on the rise and has to be addressed. Even though a relationship of high CVD risk with obesity has been suggested, along with the proposal to incorporate BF measurement for early identification of high risk individuals, further longitudinal population based studies are required that will provide valuable insight to verifying the classification discrepancies and determine a working classification/ develop a true population dependent cut-off value for both BMI and BF for a high risk population such as Pakistan.
Conclusion
Considering South Asian cut-offs for body mass index and central obesity, this study showed a high prevalence of certain CVD risk factors among a sub-urban low income population in our region, which was comparable to the urban population. Considering the rising prevalence of non-communicable diseases, body fat percentage, waist circumference, waist-hip ratio and body mass index measurements together are convenient and feasible means of screening and identifying population at risk and hence addressing it through public awareness and early detection. 
